Abstract. On the base of single factor including extraction temperature, extraction time and the ratio of raw materials to water, experiments the research aims to explore the suitable consideration considering the optimal conditions of extracting porphyra polysaccharide. According to the experiments, the optimal conditions for extracting porphyra polysaccharide can be as follows: extraction temperature 80 ℃, extraction time 2 h, the ratio of raw materials to water was 1: 20. Following this, the yield of porphyra polysaccharide could be 3 %. On the next stage, Sevag has been employed to remove the obtained protein. After six times, the content of protein can be reduced from 14. 31 % to 6. 0 % whilst the content of porphyra polysaccharide can reach 87. 66 %. The result of antioxidant activity revealed that the extract showed good scavenging effect for· OH and DPPH· . Besides, there were obvious positive relationship between the concentration and activity of the extract. When the concentration of porphyra polysaccharide was 3 mg/mL, · OH scavenging rate can reach 90. 9 %; and when the concentration of porphyra polysaccharide was 2. 5 mg/mL, DPPH· scavenging rate can reach 90 %.
Introduction
Polysaccharides are a natural polymer compound which can be founded in plants, animals and microorganisms, consisting of monosaccharides. According to different sources, polysaccharides can be divided into animal polysaccharides, plant polysaccharides and microbial polysaccharides [1] . In recent years, with the various functions of polysaccharides, such as anti-tumor, anti-cancer and other studies began to be found, the study of polysaccharides has also been more and more frequent. At present, the research of marine functional polysaccharides attracts people's attention. Laver is a kind of food which is very popular. Porphyra polysaccharide mainly divided into two categories: seaweed glue and agar, and the main difference between the two categories lies in the sulfate content. Due to the growth conditions, growth environment and other factors, the content of Porphyra polysaccharide will have a certain degree of difference [2] . The monosaccharide composition in each polysaccharide component also varies. Research shows that Porphyra polysaccharide mainly composed of fucose, galactose, mannose, glucose and xylose, which is acidic heteropolysaccharide a higher content of uronic acid [3] . Experimental study on biological activity of Porphyra polysaccharide showed that it has a variety of biological activity and medicinal value, such as hypolipidemic, hypoglycemic, anti-inflammatory, anti thrombosis, anti fatigue, enhance immunity, inhibit tumor growth [4] . Therefore, it has broad prospects for development in health care products and medicine.
In this paper, the extraction conditions were optimized on the basis of single factor experiment, in order to maximize the yield of Porphyra polysaccharide. At the same time, the antioxidant activity in vitro of Polysaccharide from Porphyra yezoensis was studied.
yield of porphyra polysaccharide /% = quality of porphyra polysaccharides quality of raw mate × 100 (1)
Protein Removal. Sevag method for protein removal. Determining protein content by Coomassie brilliant biue method.
Optimization of Extraction Conditions of Porphyra Polisaccharide by Orthogonal Test. On the basis of single factor experiment, the orthogonal experiment design was used to optimize the factors affecting the extraction of laver polysaccharide. The level of factor is shown in table 1. Determination of Porphyra Polysaccharides by Infrared Spectroscopy Dried laver polysaccharide 1 mg~2 mg was prepared into powder and mixed with KBr. The samples were scanned in 400 cm-1~4 000 cm-1 by infrared spectrometer.
Study on Antioxidant Activity of Porphyra Polysaccharides in Vitro. Determination of reducing power
In the experiment, V (C ascorbic acid) was used as the control sample, and the polysaccharide solution with different mass concentration was used as the experimental group. During the experiment, the sample solution was 1 mL, adding 2. 5 mL phosphate buffer (pH=6. 6), and then evenly mixed with 2. 5 mL 1% potassium ferricyanide solution, mixed evenly, and then heated by 50 min at constant temperature of 20. When the solution is cooled to room temperature, 2. 5 mL 10% of three chloroacetic acid solution is added. After centrifugation, 2. 5 mL of supernatant was added, and 2. 5 mL distilled water and 0. 5 mL 0. 1% FeCl3 solution were added. The absorbance was measured at 700 nm. The higher the absorbance was, the stronger the reducibility of the reaction mixture was.
Determination of the scavenging capacity of Porphyra polysaccharise on· OH. The experiment was carried out with different temperature and concentration of polysaccharide solution as experimental group, and VC as control group. In the course of the experiment to 1 mL in the sample solution with 6 mmol/L FeSO4 1 mL solution, H2O2 solution after fully mixed with 1 mL concentration of 6 mmol/L, standing for 10 min. After adding 6 mmol/L salicylic acid solution 1 mL, reaction in 37 water bath for 30 min, the reaction was completed at 3000 r/min and centrifuged at room temperature for 10 min. The final supernatant at 510 nm wavelength to measure its absorbance of blank control with double distilled water instead of polysaccharide solution.
Type: SE represents clearance, Ai is the absorbance of the sample solution, Aj is the absorbance of the sample solution of double distilled water instead of salicylic acid, A0 control group absorbance.
Determination of free radical activity of DPPH According to the method of AMAROWICZ
Type: SE represents clearance, Ai is the absorbance of 2mL DPPH +2mL solution sample solution absorbance, Aj is the absorbance of 2ml absolute ethyl alcohol +2mL solution sample solution A0 is the absorbance of 2ml DPPH + 2ml DDW.
Statistical Analysis. Using Origin 8 mapping, Design Expert 7. 5 for data processing.
Result
The Effect of Extraction Temperature on the Yield of of Porphyra Polysaccharide. As shown in Fig. 1 Figure 1. The effect of extraction temperature on the yield of of Porphyra Polysaccharid According to Fig. 1 , the extraction yield of laver polysaccharide increased first and then decreased with the increase of temperature. When the extraction temperature was 80degrees Celsius , the yield was the highest. This may be because the extraction of polysaccharides is a continuous dissolution process, high temperature is in favor of cell disruption, the polysaccharide solubility, the yield increased; but when the temperature is too high, the high temperature will destroy the continuous extraction of polysaccharide structure, polysaccharide degradation rate decreased. And in actual production work, too high temperature will increase energy consumption and equipment investment [5] After considering the experimental cost and other factors. The optimum extraction temperature of laver polysaccharide was determined at 80degrees Celsius .
The Effect of the Ratio of Raw Materials to Water on the Yield of Porphyra Polysaccharide From Fig. 2 we can see, with the solid-liquid ratio increased, the yield of polysaccharide will be increased; and when the solid-liquid ratio is too high, the rate did not increase but decrease much sugar, probably because of the polysaccharide miscibility with water in any ratio, the more water, the subsequent process of the extract the cost of alcohol concentration and alcohol dosage the more concentration of extraction of polysaccharide is too low, the same concentration of alcohol will be more difficult to precipitate polysaccharides. Therefore, in this experiment, the best ratio of material to solution is chosen at 1: 20. The Effect of Extraction Time on the Yield of Porphyra Polysaccharide. From Fig. 3 , the extraction time is too short, not conducive to the crushing of plant cells, polysaccharide was not fully dissolved, thereby reducing the polysaccharide extraction rate of [6] ; the extraction time is too long, may cause the degradation or destruction of some polysaccharides in high temperature extraction process, reduce the rate of polysaccharides, and freezing after drying the crude polysaccharide darker, affect the determination of dissolved absorbance and later, resulting in a waste of resources, and increase the cost of unnecessary energy consumption. Therefore, in this experiment, considering the cost and efficiency factors, 2 h is the best extraction time. Under this condition, the yield of Porphyra polysaccharide is 3. 89%. 
Results of the Orthogonal Test.
The results of orthogonal test showed that the effect of 3 factors on the extraction rate of final polysaccharide was the extraction temperature > solid-liquid ratio > extraction time, and the effect of solid-liquid ratio on the yield of polysaccharide was the most significant. The results showed that the 2 factors had the greatest influence on the final polysaccharide extraction rate. At the same time, the orthogonal experiment showed that the optimum extraction conditions were A3B2C2, that is, the extraction time was 2 h, the ratio of material to liquid was 1 to 20 (g/mL), and the extraction temperature was 80. Under this condition, the final yield of crude polysaccharide could reach 3. 8910% [7] . In the course of the experiment, we carried out a confirmatory experiment based on the experimental results obtained from the orthogonal experiment, in order to investigate the reproducibility of the better experimental conditions. Accurately weighed 5 g laver powder, adding distilled water according to the ratio of 100 mL, 80 DEG C water bath extraction 120 min, which dissolved polysaccharide, cooling after centrifugation, the supernatant was collected, to volume 100 mL, Using the coloration by phenol sulfuric acid method , measured the absorbance, and calculate the polysaccharide content and yield, results showed that Porphyra polysaccharide the rate can reach 3. 95% [8] . It can be proved that the yield of Porphyra polysaccharide is the highest under these conditions. Determination of Protein Removal Times by Sevag Method. During the experiment, accurately weighed amount of seaweed polysaccharide amount dissolved in ultrapure water, adding Sevag reagent according to the volume of the sample solution 1/3~1/4, stirring in the centrifuge 15 min, speed of 6500r, after using a separatory funnel lower organic reagent and protein denaturation of the intermediate layer is removed, the operation is repeated 6 times, after the supernatant was collected, concentrated after freeze drying, can be obtained from the polysaccharide has protein removal [9] . The results are shown in table 3. Infrared Spectrums Results of Porphyra Polysaccharise. From the infrared spectra of crude polysaccharide extracted , we can see that the characteristic structure of the general polysaccharide in the infrared spectrum, the peak width has the following characteristic peak of :3 442 cm-1 is the polysaccharides -OH stretching vibration peak; 2950 is the stretching vibration peak of C-H, according to this judgment this kind of compound carbohydrate compounds. 1255 cm-1 suggests that it may exist sulfate; at 1688 cm-1 peak showed the existence of C=O bonds, It is proved that there may be a protein bound to the polysaccharide.
Antioxidant Activity of Porphyra Polysaccharise in Vitro. Determination of reducing power The reducing capacity of Porphyra polysaccharide has a good dose effect relationship, and it will increase with the increase of mass concentration. When the concentration is 4 mg/mL, the absorbance is 0. 69, which proves that it has a certain reducing power. However, its reducing power is weaker than that of VC. This may be because the extracted Porphyra polysaccharide has a relatively less reductive end of [10] ~ [13] Determination of the scavenging capacity of Porphyra polysaccharise on· OH Porphyra polysaccharide's scavenging ability on OH changed with the concentration. When the concentration was 3 mg/mL, the absorbance can reach 90. 9%, with the same concentration of VC is close to. In addition, the scavenging and OH capacity of the extracted polysaccharides was lower than that of VC. This is probably because OH must be combined with a hydrogen atom polysaccharide hydrocarbon chain can be cleared, and VC with strong reducibility, not only can remove OH, even can inhibit OH. [14] ~ [17] Determination of the scavenging capacity of Porphyra polysaccharise against · DPPH Porphyra polysaccharide has a significant dose effect relationship on the removal of DPPH. With the increasing concentration of Porphyra, its scavenging ability to DPPH is also increasing. When the mass concentration reached 2. 5 mg/mL, and even close to VC, reached 90%.
Conclusion
The optimum extraction method of Polysaccharide from Porphyra yezoensis was studied. The single factor experiments were carried out on the main factors affecting the extraction rate. On the basis of single factor experiment by orthogonal design of the extraction process is optimized, the optimization results show that the best extraction temperature is 80 DEG C, solid-liquid ratio is 1: 20, the extraction time is 2 h. Under these conditions, the yield was the highest, reaching 3%.
Sevag method was used to remove protein during the experiment. The protein content in polysaccharide was lowest and polysaccharide content was the highest when the protein was removed 6 times, respectively, 6% and 87% respectively.
It can be seen from the experimental results that Porphyra polysaccharide has strong antioxidant activity in vitro, and has a certain relationship with its mass concentratio
